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Introduction: In ourcontinuingdevelopmentof anaster-
oid thermalmodel[1,2,3],wenow includetheradialtransport
of liquid watervia capillaryaction.Wealsoincludetheeffect
of gravity on both vapor and liquid transportand explicitly
modelthe permeabilityasa functionof poresizeandporos-
ity. Our goal is to determineconstraintson the durationand
temperatureof the liquid water phasein a 100-km diame-
ter CM-type parentbody sincethis is critical in determining
the evolution of organic materialson suchbodies[4]. We
solve the one-dimensionalheat-flow equationand include a
suiteof radionuclidesastheheatsource.Theparentbody is
modeledasconsistingof forsterite,enstatite,inert rock, and
water in the solid, liquid, andvapor phases.We useup-to-
datetemperature-dependentexpressionsfor theheatsof trans-
formation,thermalconductivity, heatcapacity, density, vapor
pressure,andviscosity. Weincludeserpentinization,dehydra-
tion, vapordiffusion,gasandice fracturing,andconvection.

The Models: We usea canonicalmodelfor anasteroid
whichaccretes3 Ma afterthecollapseof thesolarnebulaat a
heliocentricdistanceof 3 AU. Theinitial voidandicefractions
are taken to be 16

�
and30

�
by volume, respectively. We

assumeaporesizeof ��� 50 � m andapermeabilitygivenby
theKozeny coefficient [5]
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where� is theporosity. Overall, this resultsin a lowerperme-
ability thanpreviously used.

Wetreatthetransportof liquid waterasaDarcy flow with
a velocitygivenby
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where
�

is theratio of thevolumetakenup by liquid waterto
theporosity, � is theviscosityof liquid water,

"
is thedensity

of liquid water,
$

is the local accelerationdueto gravity, and� � ��'�(*)�+*, � �.-
. The“capillary pressure”is [6]
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where 1 is thesurfacetensionof the liquid waterand 3 � � � is
anempiricallydeterminedfunction[7].

Results: We presentthe resultsof modelswith and
without theradialtransportof liquid waterandcomparethem
to previousmodels.Theeffectof Eq. (1)andupdatedphysical
constantsis minor, increasingthecentraltemperatureby 5 10
K comparedto model2 of [3]. Liquid transportresultsin a
significantmovementof liquid watertowardsthecenterof the
asteroid,raisingthe peakcentraltemperaturefrom 365 K to
400 K asheatis initially carriedinwardsmore rapidly than
thermalconductioncarriesit outward. Exceptin thecentral5
10kmandwheresteepgradientsarepresent, gravity dominates
capillary action. However, while reactionsare proceeding,
steepgradientsresultin oscillationsasliquid watermovesback
andforth. Eventually, wateris drainedfrom themid-regions
(25-35km), loweringtheeffectiveheatcapacity, heatingthem
up, and pushingthe outermostreactionzoneout to 35 km
rather than only 30 km. Fracturingoccursnear 34 km as
inward-flowing liquid freezesandfills up the void spacesat
smallerradii. However, ourmodelstill producesonlyanarrow
bandnear35km whichmatchesCM meteoritecharacteristics.
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